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SPECIAL NOTES 


API publications necessarily address problems of a genera] nature. With respect to partic- 
ular circumstances, local, state, and federal laws and regulations should be reviewed. 

API is not undertaking to meet the duties of employers, manufacturers, ot suppliers to 
warn and properly train and equip their employees, and others exposed, conceming health 
and safety risks and precautions, nor undertaking their obligations under local, state, or fed- 
eral laws. 

Information concerning safety and health risks and proper precautions with respect to par- 
ticular materials and conditions should be obtained from the employer, the manufacturer or 
supplier of that material, or the material safety data sheet. 

Nothing contained in any API publication is to be construed as granting any right, by 
implication or otherwise, for the manufacture, sale, or use of any method, apparauis, or prod- 
uct covered by letters patent. Neither should anything contained in the publication be con- 
strued as insuring anyone against liability for infringement of letters patent. 

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every 
five years. Sometimes a one-time extension of up to two years will be. added to this review 
cycle. This publication will no longer be in effect five years after its publication date as an 
operative API standard or, where un extension has been granted, upon republication. Status 
of the publication can be ascertained from the API Measurement Coordination Department 
[telephone (202) 682-8000]. A catalog of API publications and materials is published annu- 
ally and updated quarterly by APT, 1220 L Street, N.W., Washington, D.C. 20005. 

This document was produced under API standardization procedures that ensure appropri- 
ate notification and participation in the developmental process and is designated as an APT 
standard, Questions concerning the interpretation of the content of this standard or com- 
ments and questions concerning the procedures under which this standard was developed 
should be directed in writing to the director of the Authoring Department (shown on the title 
page of this document), American Petroleum Institute, 1220 L Street, N.W., Washington, 
D.C. 20005. Requests for permission to reproduce or translate all or any part of the material 
published herein should also be addressed to the director. 

API standards are published to facilitate the broad availability of proven, sound engineer- 
ing and operating practices. These standards are not intended to obviate the need for apply- 
ing sound engineering judgment regarding when and where these standards should be 
utilized. The formulation and publication of API standards is not intended in any way to 
inhibit anyone from using any other practices. 

Any mannfactnrer marking equipment or materials in conformance with the marking 
requirements of an APT standard is solely responsible for complying with all the applicable 
requirements of that standard. API does not represent, warrant, of guarantee that such prod- 
ucts do in fact conform to the applicable API standard. 


Alf rights reserved. No part of this work may be reproduced, stored in a retrieval system, or 
transmitted by any means, electronic, mechanical, photocopying, recording, or otherwise, 
without prior written permission from the publisher. Contact the Publisher, 

API Publishing Services, 1220 L Street, N.W., Washington, D.C. 20005. 


Copytight © 1998 American Petroleam Institute 
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FOREWORD 


This publication consolidates the latest changes and improved technology in Fiekl Stan- 
dard Test Measures since it was first published in October 1988. Units of measurement in 
this publication are in United States Customary (USC) units and the International System 
(SD consistent with North American industry practices. 

This standard has been developed through the cooperative efforts of many individuals 
from industry under the sponsorship of the American Petroleum Institute (APT) and with the 
assistance of the National Institute of Standards and Technology (NIST). Joint participation 
between the API and NIST has enabled a new gravimetric calibration facility for test mea- 
sures to be designed and built in Gaithersburg, MD. This new calibration laboratory will pro- 
vide higher accuracies, improved calibration service, and reduced volume uncertainties in 
field standard test measure volumes determoined at this new facility. 

API publications may be used by anyone desiring to do so. Every effort has been mace by 
the Lustitute ty assuie the accuracy and reliability of the data contained in them; howcycr, the 
Tnstitute makes no representation, warranty, or guarantee in connection with this publication 
and hereby expressly disclaims any liability or responsibility for loss or damage resulting 
from its use or for the violation of any federal, state, or municipal regulation with which this 
publication may conflict. 

Suggested revisions are invited and should be submitted to the director of the Measure- 
ment Coordination Department, American Petroleum Institute, 1220 L Street, N.W., Wash- 
ington, D.C. 20005. 
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Manual of Petroleum Measurement Standards—Proving Systems 
Field Standard Test Measures 


0 Introduction 


A field standard test measure is a vessel fabricated to meet 
specific design criteria and calibrated by an official agency 
such as the National Institute of Standards and Technology 
(NIST). Its primary purpose is to provide a standardized vol- 
ume, used for the calibration of displacement and tank prov- 
ers, when calibrated by the waterdraw method. 


1 Scope 


This chapter details all the essential elements of field stan- 
dard test measures by providing descriptions, construction 
details, calibration procedures, operation, inspection, and 
field use requirements. Accuracy and uncertainty require- 
ments are also discussed. The normal volume range for test 
measures is | to 1,000 gallons, approximately 4 to 4,000 
liters. The information contained in this chapter is limited to 
atmospheric, graduated neck type, metal, volumetric field- 
standard test measures. The volume is determined between an 
upper neck scale zero, and either a solid bottom or a tapered 
bottom with a drain line and shut-off valve, depending on the 
size of the test measure. Bottom-neck scale test measures and 
prover tanks are not addressed in this document. 

‘Test measures are classified as: 

a. “To deliver” volumetric test measures. 
b. “To contain” volumetric test measures. 


Guidelines are provided in this document for the design, 
manufacture, calibration, and use of new and/or replacement 
test measures and are not intended to make any existing test 
measures obsolete. 


2 Referenced Publications 


The following standards, codes, und specifications contrib- 
uted to this standard and have been used as an appropriate 
resource for reference material: 


APT 
Manual of Petroleum Measurement Standards 

Chapter 1— Vocabulary 

Chapter 4.2— Conventional Pipe Provers 

Chapter 4.3—Smatl Volume Provers 

Chapter 4.4—Tank Provers 

Chapter 4,8—Guide to the Operation of Proving 
Systems 

Chapter 7— Temperature Determination 

Chapter I 1— Physical Properties Data 

Chapter 12—Catculation of Petroleum Quantities 

Chapter 13—Statistical Aspects of Measuring and 
Sampling 
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NIST! 
Handbook 105 Specifications and Tolerances for Reference 
Standards and Field Standard Weights and 
Measures, Part 3—Specifications and Toler- 
ances for Graduated Neck-Type Volumetric 
Field Standards 


3 Definitions 


3.1 borosilicate glass: A glass with a low coefficient of 
thermal expansion 


3.2 brim test measure: A vessel similar to a field stan- 
dard test measure, except it has no sight glass and neck scale. 
It is filled until the liquid just extends to the top of the neck 
due to surface tension. Any liquid overflow is caught in the 
reservoir below and drained away and/or measured. 


3.3 calibrated volume: Also defined as the Base Mea- 
sure Volume (BMV); the delivered volume of a field standard 
lest measure, at its reference temperature, between its defined 
“full and empty” levels. 


3.4 calibration: A set of operations which establish, 
under specified conditions, the relationship between the val- 
ues indicated by a measuring device and the corresponding 
known values indicated when using a suitable measuring 
standard. 


3.5 cessation of main flow: During the draining of a 
field standard test measure, the moment when the full dis- 
charging water stream “breaks” and becomes a small trickle. 


3.6 clingage: The film of liquid that adheres to the inside 
surface of a field standard test measure after it has been 
drained and is considered empty. 


3.7 field standard test measure: Defined as a volu- 
metric, nonpressurized, round, metal container, with a cylin- 
drical neck containing a gauge glass and scale. Designed to 
stringent specifications, it “contains” or “delivers” an exact 
volume between a fixed bottom or a bottom shut-off valve 
and an upper neck scale reading. 


3.8 high-resolution type: A field standard test measure 
designed with a smaller diameter neck, which is used to 
achieve greater neck volume resolution in reading the water 
level meniscus. This type of test measure is also characterized 
by the terms “high-sensitivity” or “high-accuracy”. 


‘National Institute of Standards and Technology, Gaithersburg, 
Maryland 20899, 
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3.9 measurement: A procedure to determine the value of 
a physical variable. Statements that best describe the quality 
of these measurements as used in this standard are defined 
below: 


a, Accuracy. Describes the degree of closeness between mea- 
sured values and the true valuc. 

b. Error, Describes the difference between a measured value 
and the true value. 

c. Precision. Describes the degree to which all the data 
within the set of measurement variables is clustered together. 
d. Range. Describes the area between a high value to a low 
value. 

e. Repeatability. Describes the measure of agreement 
between the results of successive measurements of the same 
variable, by the same method, with the same insuument and 
operator, at the same location, over a short time period. 

f£. Tolerance. Describes the maximum permissible error in a 
series of measurements. 

g. True value. Describes the only correct value of a variable. 

h. Uncertainty. Describes the range of deviation between a 
measured value and the true value, expressed as a percentage. 
For example, a device with an accuracy of 2% would have an 
uncertainty of #2%. 


3.10 reference temperature: The temperature at which 
the test measure is intended “to contain” or “to deliver” its 
nominal capacity. 


3.11 slicker-plate test measure: Described as a vessel 
similar to a field standard test measure, except it has no sight 
glass and neck scale. It is filled so that the liquid just extends 
above the top of the neck, due to surface tension, where the 
excess is sheared off by sliding a transparent plate across the 
top of the neck. 


3.12 “to contain” volume: A method of characterization 
ot a tield standard test measure that determines its contained 
volume, at reference temperature, when it is filled from a 
clean, dry, empty, condition. 


3.13 “to deliver” volume: A method of characterization 
of a field standard test measure that determines its delivered. 
volume, at reference temperature, when it is emptied from its 
full condition and drained in accordance with the prescribed 
draining time. 

3.14 traceability: The property of the result of a measure- 
ment or the value of a standard whereby it can be related to 
stated references, usually national or international reference 
standards, through an unbroken chain of comparisons, all 
controlled, and having stated uncertainties. It should be noted 
that traceability only exists, when scientifically rigorous evi- 
dence is collected, on a continuing basis, showing that the 
measurement is producing documented results, for which the 
total measurement uncertainty in quantified. 


4 Equipment 
4.1. MATERIALS AND FABRICATION 


A vessel used as a field standard test measure shall be con- 
structed of corrosion-resistant stainless steel. Ail parts of the 
main body of the test measure shall be made of the same 
imaterial. 

All interior seams shall be filled and ground smooth 
enough to prevent any entrapment of air, liquid, or foreign 
material. 

Fabrication shal] ensure that no pockets, dents, or crevices 
are present that may entrap air or liquid or impair the proper 
filling or draining of the standard. 

The materials of construction of the field standard test 
measure shall be thermally stable and not have an unduly 
high coefficient of thermal expansion, which might render the 
test measure unsuitable for field use. All applicable physical 
property data must be reliably documented. 

Any horizontal cross-section shall be circular, and the 
shape of the vessel shall permit complete emptying and drain- 
ing. Dimensional requirements for U.S. Customary and Met- 
ric Test Measures are shown in Tables 1a and 1b of the NIST 
Handbook 105-3, July 1997, pages 18-19, 

Where appropriate, reinforcing bands shall be used to pre- 
vent distortion of the measure or field standard when it is full 
of liquid. 

The opening at the top of the neck shall be structurally 
durable because of the thickness of the metal, or it shall be 
teinforced. 

The top of the neck shall be finished so that the level position 
of the field standard test measure can be determined by placing 
a machinist’s precision spirit level across it. Proper adjustment 
of all replacement levels shall be achieved in this manner. 

The bottom of the field standard test measure shall be 
designed to prevent distortion when it is filled with liquid and 
prevent damage. during nse. 

A field standard test measure: in use must be leveled and 
stand solidly on a surface with its vertical axis perpendicular 
to that surface. 


4.2 GAUGE GLASS 


A field standard test measure shall be equipped with a 
gauge glass mounted on the side of the neck. 

This gauge glass shall be made of borosilicate type glass or 
equivalent, and shall be free from any irregularities or defects 
that will distort the appearance of the liquid surface. Any 
gauge glass made of a substitute material must be impervious 
to petroleum products. 

The gauge giass shall be installed to facilitate cleaning and 
removal. Replacement glass must conform to the original size 
and bore specified by the manufacturer. The bottom mounting 
of the gauge glass shall be made leak proof, without the use of 
cement, by using compressible gaskets or O-rings. Removal 
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Table 1—Capillary Rise in Gauge Glass Tubes with Varying Water Quality 


Capillary Rise ¢in.) 
Gauge Glass Tube 
Diameter (in.) Pure Water Aerated Water Disty Water 
fg 0.025 0.0060 0.016 
fy 0.015 0.0035 0.012 
1 0.005 0.0011 0.005 


and replacement of the glass shall be accomplished without 
difficulty and without affecting the calibration of the measure. 

Table 1 shows the effect of surface tension capillary rise 
within the glass tube, when using different size gauge 
glass Lubes, due to variability of water quality. Ditty water 
is shown for comparison only and is not imtended to 
endorse or recommend the use of dirty or contaminated 
water in any test application. 


4.3 DRAIN LINES 


If a drain line extends from the bottom center of a field 
standard test measure, the downward slope of the line must 
provide complete and proper drainage. This drain line shall 
be sized to provide the maximum drainage rate possible con- 
sistent with a smooth and controlled drainage. while empty- 
ing the test measure with the drain valve fully open and 
adhering to the prescribed draining time. Minimum drain 
sizes are described in NIST Handbook 105-3, July 1997, 
Tables 1a and 1b, pages 18-19. 

A test measure drain is described as a gravity discharge 
line between the bottom of the bottom cone and the shut-off 
valve. It shall have a downward slope of at least 5° from the 
horizontal plane. All pipes connected to the test measure 
drain line, downstream of the shut-off valve, shall be posi- 
tioned at an elevation to ensure the complete emptying of the 
(est measure. 

A test measure that is not in a permanent installation, 
equipped with a bottom drain, shall have a minimum of three 
adjustable legs that will enable the test measure to be leveled. 


4.4 LEVELS AND LEVELING 


The level position of the field standard test measure can be 
determined by placing a precision machinist's spirit level 
across the top of the neck of the test measure. This level veri- 
fication must be determined in two directions, 90° apart, and 
shall be used to verify the permanently mounted spirit levels. 

All field standard test measures shall be equipped with a 
minimum of two or more adjustable spirit levels, mounted at 
tight angics to cach other, or with equivalent leveling indica- 
tors on the upper cone in a protected position on the sides of 
the vessel. The adjusting screws for these levels shall be pro- 
vided with a means of wire sealing and the level shall be 
equipped with a protective cover. Once set the levels should 
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be sealed and covered for protection. All seals should be 
affixed with corrosion-resistant Series 316 stainless steel or 
equivalent wire. 

Tf a trailer is used for mounting and/or transporting a field 
standard test measure, then it shall have provision for Icvel- 
ing. Any tuck on which a field standard test measure is 
mounted shall be equipped with leveling jacks—one near 
each comer of the vehicle. 

To achieve a higher precision in the calibration of field 
standard test measures and in their use, spirit-level precision 
requirements shall be specified. During each calibration run, 
operating instructions should require test-measure level veri- 
fication prior to scale reading after filling. A minimum dis- 
crimination of two minutes (2') per division is recommended 
for all precision test measure levels. Liquid spirit levels vary 
in sensitivity from 30 minutes (30° per division to 5 seconds 
per division. Magnification must be used with high-precision 
spirit levels. The potential error due to an out-of-level test 
measure can he estimated as follows: 


e = xsin@ 
where 
e = Scale reading error (in.), 
x = Distance from centerline of test measure (0 OUI- 
side of gauge tube (in.), 
8 = Outofevel angle uncertainty. 


Errors for various test measure sizes because of out-of- 
level conditions are shown in Tables 2 and 3. The uncertain- 
ties in the tables do not include potential errors as a result of 
level instability of the test measures, or possible structural 
instability. For the purposes of measurement, errors are also 
caused by the failure to re level the test measures prior to 
reading the scale each time. 


45 NECK 


The neck diameter of field standard test measures shalt be 
consistent with their intended applications and required scale 
resolution. The neck assembly, or the top cone area of the test 
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Table 2—Effect of Oui-Of-Level of Normal Sensitivity Test Measures on Gauge Glass Level 


Uncertainty in Scale Reading, + in.3, versus Level Discrimination* 


Size of Test Measure (gal.) +30 minutes per division 10 minutes per division +2 minutes per division 
1 0.011 0.004 0.0007 
5 0011 0.004 0.0007 
10 O01 0.004 0.0007 
25 0.015 6.005 O.0010 
30 OLS 0.005 0.0010 
100 9.020 0.007 0.0013 
200 0.026 0.009 0.0017 
500 0.041 0.014 0.0028 


* Level discrimination is estimated as !/9 the minimum discrimination or resolution of the spirit level. 


Table 3—Effect of Out-Of-Level of Normal Sensitivity Test Measures on Measure Volumes 


Uncentainty in Seale Reading, + % Volume, versus Level Discrimination® 


Size of Test Measure (gal.) = 30 wanutes per division = 10 minutes per division = 2 minutes per division 
I 0.056 0.020 0.0036 
5 0011 0.004 0.0007 
10 0.006 0.002 0.0004 
25 0.005 0.002 0.0003 
50 0.002 0.001 0.0002 
100 0.003 0.001 0.0002 
200 0.004 0.001 0.0003 
500 0.009 0.003 0.0006 


4 Level discrimination is estimated as twice the minimum discrimination or resolution of the spirit level. 


measure and neck assembly, may be designed to open 
(swivel), provided that the assembly has a metal-to-metal 
joint, sufficient clamping points to prevent distortion of the 
joint, and a means of ensuring that the device is properly 
assembled, Jeveled and leak-free. 


4.6 SCALE PLATE AND GRADUATIONS 


‘The scale plate shall be made of corrosion-resistant metal 
and shall be mounted tangent to the front of or directly behind 
the gauge glass. In either case, it shall not be more than 1/4 in. 
(6 mm) from the glass. 

If the scale is mounted behind the gauge glass, a shield 
should be provided to protect the glass and allow for replace- 
ment of the gauge glass without difficulty. 

If the scale adjustment provides for movement by incre- 
ments only, the maximum increment shall be 1/4 of the smail- 
est scale division. 

Scale numbering on all field standard test measures shall be 
specified on the scale in milliliters Gm). cubic inches (in3). or 
other volume units. The units of measurement should be 
clearly marked on the scale. To avoid confusion and possible 
errors in reading, dual numbering on any one scale (e.g. cubic 
inches and decimal fractions of a gallon) is not permitted. Dual 
numbering is permitted only if two scale plates are used; in this 
case, the U.S. customary units scale (i.3) is preferred and 
located on the left when the test measure is viewed from the 
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front. The metric scale (m*) is recommended situated on the 
right side of the gauge glass. Provisions shall be made allowing 
either scale to be adjusted individually so that the two zero 
Jines will lie in parallel planes. 

The distance between scale graduations shall not be less 
than 1/1 in, (1.5 mm). 

Scales shall be graduated both above and below the zero 
line. For neck sizes smaller than 17 in. (43 cm) in diameter, 
every fifth line on the scale shall be considered a major division 
and shall be longer than the intermediate or subdivision lines. 
Every major line shall be numbered with the volume to that 
mark. For neck diameters of 17 in. (43 cm) or larger, every 
tenth line may be designated a major division line. For small- 
diameter, high-sensitivity measures that have diameters of 2, 3, 
or 4 in. (5, 7/, of 10 cm), every fourth or fifth division is a 
major numbered division depending upon the scale increments. 

A sufficient number of scale brackets (a minimum of two) 
shall hold the scale plate ngid. The brackets shal] be mounted 
on adjusting rods. 

An adjusting rod shall be provided with a means for seal- 
ing that will prevent movement. The scale plate shall be 
securely attached ta the brackets and provided with a means 
for sealing. Movement of the adjusting mechanism or scale 
plate shall not be possible without breaking the seal. All seals 
should be affixed with corrosion-resistant Series 316 stainless 
steel or equivalent wire. 


STD-API/PETRO MPMS 4.?-ENGL 1998 M@@ 0732290 Oblbba2 395 El 


SECTION 7—FIELD STANDARD TEST MEASURES 


Table 4—Scale Graduations for Normal-Sensitivity Test Measures. 


Neck Minimum Number Minimum Discrimination Maximum Scale 
Nominal Diameter ofin3 Between Graduations Spacing 
Gallon Size Gn) Above & Below 0 (in) Gn) 
1 ag is I 0.085 
3 3Mg iS 1 0.085 
10 ag 30 1 0.085 
25 5 0 2 0.102 
50 5 120 2 0.102 
100 7 250 5 0.130 
200 10 500 10 0.127 
500 17 1250 25 0.110 
Table 5--Scale Graduations for High-Sensitivity Test Measures 
Neck Nominal Volume Miniaum Discrimination Maximum Scale 
Nominal Diameter of in3 Between Graduations Spacing 
Gallon Size (in) Above & Below 0 cin) Gn) 
1 2 20 Ty 0.980 
5 2 20 My 0.080 
10 2 20 Us 0.080 
25 3 35 My 0.071 
50 3 50 My 0071 
50 4 50 1 0.080 
100 4 50 1 0.080 


The graduation lines, numbers, and other information on 
the scale plate shall be permanent. Graduation Jines shall be 
of uniform width. The width of the lines shall be no more 
than 0.025 in. (0.6 mm) or less than 0.015 in. (0.4 mm), 

On scale plates mounted to the front of the gauge glass, the 
major (numbered) lines shall be at least !/, in. (6 mm) in 
length. The intermediate lines shall be at least '/g in. (3 mm) 
in length. The major and intermediate lines shall extend to the 
edge of the scale plate nearest the gauge glass. The zero line 
shall extend completely across the plate. 

Ona scale plate mounted behind the gauge glass, the major 
(numbered) lines shall be at least 3/4 in. (19 mm) in length. 
Intermediate. lines shall be at least 1/3 in. (13 mm) in Tength. 
The zero line shal] extend completely across the plate. 

Two commercially available classes of test measures are 
designated normal sensitivity and high sensitivity. Uncer- 
tainty in the calibration is different for each class of the same 
size test measure. This is due to the improved scale sensitiv- 
ity, and the repeatability of the smaller diameter neck in the 
high-sensitivity test measures. 

Scale graduations for normal sensitivity test measures are 
listed in Table 4. Scale graduation for high-sensitivity test mea- 
sures are listed in Table 5. Scale reading errors due to using 
contaminated water in test measures are shown in Table 6. 


4.7 CASE 


A field standard test measure is a precision instrument and 
must be handled with great care to avoid damage that may 
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alter its volume. Adequate protection, such as a strong padded 
case, shall be provided for storing and transporting the test 
measure. 


4.8 OUTLET VALVE 


It must be noted that the outlet (drain) valve of a field stan- 
dard test measure is a critical component of the calibrated 
volume, which if modified or replaced will necessitate the 
recalibration of the test measure. Test measure drain valves 
should be sealed, painted, or by some other method indicate 
whether the valve has been changed, modified, replaced. or 
repaired in any way since the last calibration. If seals are used 
they should be affixed with corrosion-resistant Series 316 


Table 6—Scale Meniscus Errors Due to 


Contaminated Water 
Error,% Volume 
Nominal 
Gallon Size Air in Water Dirty Water 

1 0.170 0.108 
5 “034 0.022 
10 0.017 0.011 
25 0.006 0.003 
50 0.003 -0,0015 
100 0.003 0.0015 
200 4,003 0.0015 
500 0.004 —0.002 
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stainless steel or equivalent wire and provide positive integ- 
rity that the drain valve has not been replaced. 

Many test measures have drain valves that are simply 
screwed into the drain line. The volume is altered if this valve 
is turned to a different number of threads, either more or less. 
The importance of this valve to the calibrated volume cannot 
be overemphasized and properly sealing screwed drain valves 
should be an absolute priority for volumetric test measures. 
Alternatively, a metal-to-metal flange arrangement between 
the drain line and the drain valve is the preferred method of 
drain valve comnection. 

This drain valve shall be a quick-acting full-opening valve, 
open-ended for visual inspection, or shall have a visual-inspec- 
tion device immediately downstream of the valve to detect 
valve failure. This valve must be leak-tree at all tres. 


4.9 NAMEPLATE 


Each field standard test measure shall bear in 2 conspicuous 
place the name of the manufacturer, the nominal volume, and 
a serial or identification number. The material from which the 
standard is constructed shall be shown together with its cubi- 
cal coefficient of thermal expansion per °F (or °C) for that 
material. 


4.10 ASSEMBLY 


All parts of the assembly of a field standard test measure 
and all piping and valves that affect the volume of the prover 
shall be fully assembled by the manufacturer or supplier. 


5 Calibration 
5.1. GENERAL 


The National Institute of Standards and Technology (NIST) 
is the calibrating agency of choice in the United States for field 
standard test measures used to calibrate meter provers. 

Specifications for test measures shall be in accordance with 
this standard and the latest edition of NIST Standard Hand- 
book 105-3. Calibrations shall be made using clean potable 
water as the calibrating liquid. Certified laboratory graduates 
may be used for measuring partial volumes of the field-stan- 
dard test measure. The actual capacity of the test measure, as 
shown on the laboratory report or calibration certificate, shall 
be used as the official capacity rather than the nominal capac- 
ity of the measure. Whenever possible, calibrations of the test 
measure shall be maintained at an uncertainty of + 6.01 per- 
cent or better. 

Water-density data provided in API MPMS Chapter 11 
should be compatible with the density used by the calibrating 
agency. See Appendix F, Water Density Equations. 
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5.2 CALIBRATED VOLUME 


Test measures muy be calibrated either “to contain” or “to 
deliver.” A field standard test measure can be designed and 
built “to contain” a precise liquid volume when filled from a 
clean, empty, and dry condition. Test measures calibrated “to 
contain” are not used in prover calibrations, because the 
“empty” condition means empty, clean, and dry before every 
usc, usually an impractical field operations requirement. 

Normally test measure volumes ate used in the “to deliver” 
mode. To prepare the test measure for calibration use requires 
that it is wetted prior to use. It should be filled with water to its 
zero mark, leveled, and then drained exactly for the prescribed 
draining time as given on the certificate of calibration. The test 
measure is then returned to an upright position or its drain 
valve is closed leaving it with a controlled and repeatable 
amount of clingage (water) inside prior to use. To ensure that 
this clingage quantity is repeatable means that the test measure 
must be completely filled, and then emptied, in strict compli- 
ance with the operating procedures and draining times that are 
specified on its calibration certificate. Just wetting the interior 
of the test measure prior to use is completely unacceptable. 

This standard dictates that water shall be used as the cali- 
brating liquid because of its stability, low thermal coefficient 
of expansion, and high heat capacity. 

Instructions sent to NIST for the calibration of a field stan- 
dard test measure should clearly state that it is to be calibrated 
as a “to deliver” volume, and indicate whether this calibration 
shall be performed by the gravimetric or volumetric method. 
If the volumetric method of calibration is chosen, then the 
calibrated volume of the test measure and all measurements 
subsequently made using it, will have a larger level of uncer- 
tainty than if calibrated by the gravimetric method. This must 
be acceptable to all parties using this test measure. 

The prescribed draining time for all test measures cali- 
brated by NIST and drained by inverting, is currently [0 sec- 
onds after the cessation of main flow. Similarly, the draining 
time for all NIST calibrated test measures having bottom 
drains, is currently 30 seconds after the cessation of main 
flow. The actual prescribed draining time used however, shall 
be in accordance with the Certificate of Calibration for the 
particular test measure in use. 


5.3 CALIBRATION FREQUENCY 


Field standard test measures calibrated by NIST, shall 
be recalibrated at the following regularly prescribed inter- 
vals of use: 


a. Maximum certification intervals shall be as follows: 
1. All new test measures shall be calibrated prior to use 
Gnitial certification). 
2. All existing test measures, in regular use, shall be reca- 
librated every 3 years. 
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3. Test measures stored and infrequently used may have 
their recalibration suspended. Infrequent use has allowed 
some flexibility between successive recalibrations. Tn this 
situation, use of this test measure shall be allowed if it has 
a valid certificate of calibration current within the past 5 
years. 


Control charts shall be maintained on every test measure 
(see Appendix C). 

b. Test measures shail be calibrated any time there is evi- 
dence of damage, distortion, repairs, alterations, maintenance 
fo the test measure or replacement of the drain valve that 
could affect its volume or its use. 

c. If appropriate, it may be necessary to calibrate test mea- 
sures after change of ownership. This calibration may or may 
not be necessary. It shall depend on the transfer circum- 
stances, ic. the condition of the test measure at the time of 
transfer and its previously known calibration history. All 
these factors shall be considered in deciding whether a cali- 
bration is necessary and should be determined after a careful 
check of all these parameters and in consultation with all 
interested parties. 

The calibrated volume of all test measures shall be 
reported to five or more significant digits. 

All field standard test measures for prover calibrations in 
the United States, shall have a Certificate of Calibration, 
issued by NIST, that is current within the last 3 years. The 
Certificate of Calibration provided by NIST for the test mea- 
sure shall be supplied to the owner, together with all the cali- 
bration data obtained during the calibration procedure. 

On some occasions, the same test measure may be cali- 
brated by two or more different national calibration agencies; 
e.g. NIST and the Canadian Standards Agency (CSA) may 
both calibrate the same test measure for use in different coun- 
tries. Similarly, on occasions the same test measure can be 
calibrated in different units of measurement. For example, the 
test measure may be calibrated in both in? and ml. This will 
require that two different certificates of calibration, developed 
either by the same calibrating agency, or by two different 
agencies, need to be issued. Units of measurement, test mea- 
sure volumes, and required drain times must all be followed 
exactly for the specific certificate of calibration being used. 
No interchanging of data or requirements between two differ- 
ent certificates of calibration for the same test measure is per- 
mitted. 


5.4 NUMBER OF CALIBRATION RUNS 


When calibrating a test measure, a sufficient number of cali- 
bration runs shall be conducted to ensure that the random 
uncertainty of the calibration measurements are no greater than 
1/, and preferably 1/4, of the overall uncertainty specified for 
the calibration. 
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For example. if the uncertainty limit for the calibration of a 
test measure is + 0.01%, the random uncertainty due to varia- 
tions of the calibration runs should not exceed + 0.0025% to 
+ 0.050%. The range limit for a specific number of calibra- 
tion runs to meet a prescribed uncertainty limit of the average 
can be calculated as follows, using equation 20 from the API 
MPMS Chapter 13.2, November 1994. 


where 
_ a(X) 
WOO = F563) 
W(X) = Range Limit for a Set of Calibration Runs (%), 


al X) = Prescribed Uncertainty Limit for the Set of Cal- 
ibration Runs (+ %), 


Z(%, i) = Range to Estimated Uncertainty Conversion 
Factor for Averages. 
(See Table Hf in API MPMS Chapter 13, 
Section 2.) 


If a 95% Confidence Level is required for data analyses, 
the range limits versus number of calibration runs for an 
uncertainty Limit of the average of + 0.005% are shown 
below: 


For procedural uncertainty limits other than + 0.005%, the 
range limits can be modified from the above values as 
follows: 


a(X) 


WOO = 29.005% 


where 


W/{X) = the value from Table 7. 


5.5 TEST MEASURE CONTROL CHARTS 


Every test measure shall have a data record prepared and 
maintained by NIST, containing all the relevant information 
pertaining to the history of the test measure. 


Table 7—Range Limits versus Number 
of Calibration Runs 


Number of Calibration Runs Range Limits, W(X),% Average 


2 0.00063 
3 0.0034 
4 0.0064 
5 0.0093 
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The relevant information should contain: 


a. The identity of the test measure by owner and the owner's 
number. 

b. The maker's name, identification number, nominal volume, 
scale divisions, coefficient of expansion of material of con- 
struction, dates and details of all types of cleaning performed. 
c. Calibration dates, corresponding seal numbers, together 
with “to contain” and “to deliver” volumes. 

d. Uncertainty history. 


The calibration history of all test measures shall he docu- 
mented and recorded and a centrol chart developed for each 
test measure. See Figure 6 and the discussion in Appendix C. 


5.6 SEALS 


Calibration and subsequent certification must include the 
affixing of a tamper proof seal on the adjustable scale and 
drain valve by the calibrating authority. 


5.7 DISPUTES 


In the case of a dispute between interested parties over the 
accuracy of a test measure, the disputed test measure shall be 
submitted to NIST for final judgement of its accuracy. 


6 Calibration Methods 


Volumetric and gravimetric calibration methods for test 
Measures are described in the following sections. Uncertain- 
ties associated with the volumes determined by both methods 
are discussed in Appendix B. 


6.1 GRAVIMETRIC CALIBRATION OF NECK 
SCALE TEST MEASURES 


a. Inspect the test measure for damage, rust, and internal 
cleanliness. 

b. Exercise the balance (mass comparator) several times to 
ensure smooth operation. 

c¢. Test the balance with the appropriate test weights to assure 
the balance response is within tolerance. If out of tolerance, 
recalibrate the balance in mass units prior to proceeding with 
the calibration of the test measure. 

d. Measure and record the room air temperature. the atmo- 
spheric pressure, and the relative humidity. 

e. Calculate the air density, p (Zi), in kg/m}, using the 
formula: 


)+00.085594(7,,,)" 


464. 56P — U{4.47 - 1.8504(77,,, 
L(Pgyg) #27316} x 10° 


PL gid 
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where 
From step d: 
P = The atmospheric pressure (om of Hg), 
U = The relative humidity (%), 
(Tair) = The air temperature (°C). 


f. Level the test measure on the platform of the mass 
comparator. 
g. Weigh and record the empty mass of the clean and dry test 
measure to be calibrated. 
h. Fill the test measure with distilled water up to the region of 
the zero reference mark on the neck scale. Inspect the test 
measure for leaks. 
i. Measure and record the temperature of the distilled water 
(Z,,) in the test measure with a calibrated temperature probe. 
j. Read the water meniscus in the glass tube of the neck 
scale, and record the deviation of the reading from the zero 
reference mark in volume units. 
kc. Weigh and record the mass of the filled test measure. 
1. Drain the test measure for the prescribed draining period. 
At the end of the prescribed draining time, close the drain 
valve. 
m. Weigh and record the mass of the drained test measure. 
n, Calibrate the neck scale in volume units: 
1. Refill the test measure to a point approximately 50% 
below the zero reference mark on the test measure’s neck 
scale. 
2. Read and record the indicated value of the neck 
scale (1). 
3, Adda known volume of distilled water using an appro- 
priate device (V,). 
4. Read and record the indicated value of the neck 
scale (2). 


Calculate the neck-scale correction factor, k. 


V, = The volume of distilled water added, 

hy, = The indicated value of the scale reading (2), 

fy = The indicated value of the scale reading (1). 
o. Calculate the distilled water density from the Kell Equa- 
tion (see Appendix F). 


atbT +cT + dT yt ely + {Tw 


3 
I+gef, em 


P(T,.)= 
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p. Calculate the contained volume of the test measure at the 
temperature of the distilled water using the equation: 


Vecntain(T a= ee 4b (ond) 
wT" Opa) 
where 


my = The mass of the test measure filled with dis- 
tilled water, 


nt, = The mass of the clean, empty and dry test 
measure, 


p(T) = The density of the distilled water, 
P (Tair) = The density of the air, 


fh = The deviation of the location of the meniscus 
from zero with the appropriate algebraic sign 
applied. 
q. Calculate the delivered volume of the test measure at the 
temperature of the water using the equation: 


my~™Mg 


cA 
pr —pra 


Vescteveret(T = 


where 


mg = The mass of the drained test measure. 


t. Calculate the volume of the test measure at the desired ref- 
erence temperature using the equation: 


Vea(T = Veod TIL — BCT - 7.)1 Gn) 


where 


Viai(T) = The volume of the test measure calibrated 
either to contain or to deliver, 


T = The temperature of the distilled water, 
Tp = The standard reference temperature (60°F or 
15°C), 
B, = The volume coefficient of thermal expansion 
for the test measure. 
6.2 GRAVIMETRIC CALIBRATION OF SLICKER- 
PLATE TEST MEASURES 


‘The calibration of a slicker-plate test measure by the gravi- 
metric methad differs from that of the neck-scale type only in 
the way fhe measure is filled with distilled water, step h 
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above. The slicker-plate test measure is filled such that the 
water extends above the top of the neck of the measure due to 
surface tension and the excess is sheared off by sliding a 
transparent plate across the top of the neck making, 


h=dk=0 (sis defined as “absolutely equivalent to”), 


A = The deviation of the location of the meniscus 
from zero with the appropriate sign applied, 


dh = One tenth of the least division of the neck scale, 
read with a magnifier fitted with an anti-paral- 
Jax device. 


Transparency of the slicker-plate enables visual inspec- 
tion for air voids under the plate, which must not be 
allowed to occur. 

The equations for the calculation of uncertainty in the cali- 
bration of neck-scale test measures (Appendix A) are also 
applicable to slicker-plate test measures with k= dh=0 . 

Table 4 in Appendix B lists the uncertainty for a typical 
5-gallon slicker-plate test measure. The uncertainty deter- 
mined for a 5-gallon neck-scale test measure is normally 
more than 4 times that of a 5-gallon slicker-plate test mea- 
sure. This is due to the uncertainty in the neck scale read- 
ing and is shown in detail in Tables 3 and 4 contained in 
Appendix B. 


6.4 VOLUMETRIC CALIBRATION OF NECK SCALE 
AND SLICKER-PLATE TEST MEASURES 


Calibration is achieved by the volumetric transfer of a 
known volume of water from a standard test measure into the 
test measure of unknown volume (test measure being cali- 
brated), and calculating either the contained or delivered vol- 
ume of the unknown test measure. 

Ideally, it is preferred to have a platform elevator and large 
storage tank for distilled water. The calibration can then be 
performed by the following method: 


a. Select a standard test measure, designated (U/), of known 
delivery volume at a specified reference temperature, scale 
graduation, and known cubical coefficient of thermal expan- 
sion, (a). The standard test measure can be placed on an 
elevator, leveled, and raised to an appropriate height. 

b. Place the test measure to be calibrated, designated (7), 
below the standard test measure and level. 

c. If the test measure is to be calibrated “to contain,” then its 
interior must be dry. If the test measure is to be calibrated “to 
deliver” then both the standard test measure and the measure 
to be calibrated must be wet. They are wetted by filling the 
standard test measure and then draining it into the measure to 
be calibrated with a 30-second draining time of the standard 
test measure. Then drain the test measure under calibration in 
the same way. This process is only to wet the surfaces and 
define the amount of clingage. 
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d. Fill the standard test measure, U, to any point on the neck 
scale, L4, with distilled water from the storage. Record the 
water temperature, 74. Read the meniscus scale and record. 
e. Drain the standard test measure while ensuring no loss of 
water into the test measure to be calibrated. Close the drain on 
the standard test measure after draining for the prescribed time. 
f, Read the meniscus scale reading im the test measure being 
calibrated. Record the neck scale reading, £q, and the water 
temperature, Tq. 
g. In situations where the standard test measure is smaller 
than test measure being calibrated, steps c—f will have to be 
repeated the appropriate number of times, each time draining 
the standard test measure for the specified time. 
h. After one complete calibration or “run” is completed, 
additional runs may be performed. 
i. A neck calibration as described in “Gravimetric Cali- 
bration” is performed. On test measures having dual scale 
plates, denote whether one scale plate or both scale plates 
have been calibrated. 

Field Standard Test Measure volumes are always refer- 
enced to standard temperature, ie. either 60°F or 15°C. 

For one transfer of the standard test measure, U, to cali- 
brate a test measure, Z, ° 


‘4 


- = Ugl1=0(T,-7,)) 


7 = Zell +B(T,-Ts] 


9 


where 
p. = Density of water in the Standard Test Measure, 


p, = Density of the water in the Test Measure to be 
Calibrated, 


M = The same mass of water transferred from the 
standard test measure Ugg into the test measure 
to be calibrated Zp, 


a = Cubical coefficient of expansion/*F of the stan- 
dard test measure, U, 


& = Cubical coefficient of expansion/*F of the test 
measure to be calibrated, Z, 


Tp = Reference temperature, either 60°F or 15°C. 


Since the two masses of water are the same: 


Zeolt+B(F,-T = Ugll+oa(?,-7,)] 
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This expression can be solved for Zsa, which is the vol- 
ume required. This can be either a “to contain” or a “to 
deliver” volume. 


z, = Yall +aTs—TM 
© pall + BT, 7) 


The standard test measure, Usp, has a known volume at the 
zero graduation on the neck scale, Z, The difference in vol- 
ume, A 4, between Z, and £4 may be calculated by knowl- 
edge of the neck calibration constant. The numerical value of 
A 4 is used in the calculation of Zo. 


z,, = PabUeoll + e(T Te] + An} 
ied PAL+BCP,-Ty)) 


7 Inspection 
7.1. GENERAL 


Measurement activities often include the inspection or 
examination of test measures. Inspections or examinations 
are most often required when a new test measure is received 
from the manufacturer. 


7.2. DOCUMENTATION 


Documentation shall be available to all persons who have 
custody transfer interests in the test measure. This paperwork 
shall include the manufacturer's identification of the construc- 
tion material, together with a statement of the primary calibra- 
tion. All subsequent records of calibrations along with the 
control charts shall be maintained. Detail drawings, interior- 
coating identification (if applicable), gauge-glass sizes, and all 
other relevant documents, shall be sustained on file for exami- 
nation when required. 


7.3 VISUAL INSPECTION 


A visual inspection of any ficid standard test measure shall 
be made #efore each use to ascertain that the capacity has not 
been altered by dents, internal corrosion or surface deposits. 
Tn addition inspect the test measure carefully to make sure it 
is free of rust, broken seals, broken gauge glasses or scales, 
broken or missing levels, leaks or defective drain valves, The 
effects of internal deposita on the calibrated volume of a teat 
measure are shown in Table 8. 

Visual inspection shall include the following: 


a. An examination of all surfaces that affect volume to 
ensure that they are free from dents. Any minor dents that 
are considered acceptable must be identified on the certifi- 
cate of calibration. 
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Table 8—Volume Errors Due to Test 
Measure Internal Deposits 


Errors Due to 0.0001 inch 


Test Measure Size Internal Deposit Minus (-} 


in Gallons Percentage of Total Volume. 
1 0.0094 
5 0.0053 
10 0.0042 
25 0.0032 
50 9.0023 
100 0.0018 
200 0.0013 
500 0.0012 


b. A verification that noninvertible test measures have a rigid, 
sloping drain line. The drain line must be equipped with a suit- 
able drain valve and provide the capability to detect leaks. 

c. A verification that noninvertible test measures are 
equipped with two adjustable spirit levels mounted at right 
angles to each other on the upper cone or equivalent equip- 
ment. The levels must be a shielded style and of high quality, 
or provided with a protective cover and have adjusting screws 
to permit leveling. Adjusting screws should allow a lead-and- 
wire seal to be installed by the calibrating authority. 

d. An examination of the surface finish to determine that it is 
clean and free from mill scale, grease, or other contaminants. 
Tf the exterior surface is painted, the paint coating must be 
reasonably free from scratches and corrosion damage. 

e. An examination of welding quality to ensure that smooth, 
full-penetration welds are provided. 

f. If NIST Handbook 105-3 is the specification used, verifi- 
cation must indicate that each test measure bears in a 
conspicuous place the name or trade mark of the manufac- 
turer, the nominal volume {in gallons, cubic inches, liters, or 
other units), and a serial or other identification number. The 
material from which the standard is constructed shall be iden- 
tified together with the cubical coefficient of thermal 
expansion per °F or °C for that material. 

Interior joints and seams shall be smooth and uniform. Sur- 
faces, including joints and seams, must be clean and free 
from grease, dirt, or oil film. Surfaces must be smooth and 
free from rust corrosion. Potential air or water taps, resulting 
from either design or damage, are not permitted. 

Prolonged, and sometimes, even only isolated use of con- 
taminated water in a test measure will cause corrosive dam- 
age, pitting, and/or deposits to adhere to the interior surfaces. 
The interior of test measures should never be exposed to salt 
water or any type of water with high dissolved solids. 

If coating material is used inside test measures then it must 
be uniformly applied to the surfaces and be free from any 
voids or bubbles. Any coating material used, such as epoxy or 
phenolic, must be resistant to the effects of alcohol, acetone, 
benzene, petroleum products, and water. 
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Noninvertible test measures must be equipped with a 
fixed anti-swirl plate to eliminate the formation of a vortex 
during draining. 

The neck on a test measure shall be uniformly cylindrical 
in length and regular in diameter. 

The scale must be of comosion-resistant metal, firm, secure, 
and easily adjustable. A provision must exist for affixing a 
lead-and-wire seal to provide a means for detecting unautho- 
tized adjustment. The seale divisions or graduations must be 
linear. The scale length must be appropriate to the test mea- 
sure. Applicable volume units (cubic inches, cubic milliliters, 
gallons, liters, or others) must be clearly indicated, and scale 
markings must be legible. 

The gauge glass must be clean and clear after wetting (that 
is, no droplets should be prescnt), and it must be capable of 
being removed, cleaned, and replaced. 

‘The top surface of the neck of a test measure must be 
ground, machined, or smoothly formed to serve as a level 
benchmark. This surtiace shall be the primary level indication 
in two axial directions. 

Any test measure that is normally transported to various 
locations shall be protected. A case, shipping container, or 
other means that sufficiently protects the test measure against 
dents and/or scale damage during storage or transportation 
shall be used. Test measures mounted and moved on trailers 
shail be secured to prevent movement or damage during travel. 


7.4 CLEANING PROCEDURES 


All test measures shall be inspected and cleaned prior to 
calibration, unless clean water was used as the calibration 
fluid and the test measure was cleaned, dried, sealed, and put 
into storage at the completion of the previous calibration. 

Prior to any cleaning of a test measure, it should be exam- 
ined for any signs of damage as described in the inspection 
section. Normal cleaning of the interior of the test measure 
involves scrubbing with a biodegradable detergent and water, 
However, if the interior of the test measure contains oil resi- 
due then it may be necessary to use solvents for cleaning prior 
to cleaning with detergents. 

In the event a test measure is heavily contaminated with oil 
residues the additional step of steam cleaning the interior of 
the test measure prior to any solvent cleaning or detergent 
washing will be required. 

After the above cleaning, each test measure should be filled 
with water and allowed to stand for several minutes. During 
this time, a careful examination for leaks can be made. Once 
this inspection is made, the test measure should be rinsed with 
distilled water, then rinsed with alcohol and allowed to dry. 

Smaller test measures, without leveling feet, whose level is 
determined by the plane of their base, should sit on a level bed- 
plate and be checked for firm seating. A vessel that rocks will 
not give a true meniscus reading during its calibration. 
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7.5 INTEGRITY 


Tn addition to the initial testing a test measure undergoes 
when it is new, it should also be checked periodically to ver- 
ify its loak integrity. The following systematic procedure is 
recommended: 


a. The test measure should be filled with warm-to-hot water 
100-140°F (38-60°C) and allowed to stand for 30-60 min- 
utes, making certain that any thermometer installed will not 
be damaged by exceeding its range. All seams, joints, pipe fit- 
tings, and gauge glass along with the overall test measure 
should be checked for leaks. The drain valve should be 
checked for leaks and air entrapment. The valve should be 
opened and closed several times to verify positive sealing of 
the. valve. An optional procedure involves taking and recard- 
ing a level reading prior to cracking the drain valve open and 
drawing off approximately 1 gallon of water into a wetted test 
measure and returning it to the prover. If the level in the test 
measure is lower, either the piping ahead of the valve con- 
tained air or some part of the valve body cavity that was 
previously tilled with air is now filled with water. 

b. The test measure should be drained to observe the effec- 
tiveness of the anti-swirl place while the finid is draining. 

c. The test measure should be filled with the calibrating 
medium, and the checks listed above should be repeated. 

d. The thermometers used with the test measure should be 
toutinely subjected to a calibration or a comparison with a 
standard reference thermometer to verify accuracy. 


8 Operation And Use 


The primary use of field standard test measures is to deter- 
mine the volume of a meter prover when using the waterdraw 
method of calibration. Test measures are constructed of stain- 
Jess steel in a multitude of sizes, ranging from 1 gallon all the 
way up to 1,500 gallons, with many different intermediate 
sizes. In fact, a test measure may be constructed in any conve- 
nient size, and frequently high-sensitivity test measures are 
built to accommodate the exact volume of a small volume 
prover. Some examples of unusual test measures sizes in reg- 
ular use are 15 gallon, 21 gallon, 42 gallon, 225 gallon, and 
227 gallon. Equivalent volume or different volume test mea- 
sure sizes are also available in metic units. Only test mea- 
sures calibrated with a “to deliver” volume shall be used in 
the calibration of meter provers. 


8.1 FIELD USE OF VOLUMETRIC TEST 
MEASURES: 


Field standard test measures are used in the waterdraw cal- 
ibration of pipe provers, small volurne provers, and tank prov- 
ers. Full descriptions on the field use of these test measures 
will be found in API MPMS, Chapter 4.9.1, “Determination 
of the Volume of Displacement and Tank Provers by the 
Waterdraw Method of Calibration.” The procedure for calcu- 
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lating the Base Volume of a Displacement or Tank Prover, 
using field standard test measures, is described in API MPMS, 
Chapter 12.2.4, “Calculation of Base: Prover Volumes by the 
Waterdraw Method.” 

Different techniques may be used to calibrate meter prov- 
ers using field standard test measures. Any of the following 
methods can be used; however, normal operating practice 
currently uses Method 3. 

1. Fill each test measure to its exact certified (zero) 
capacity, and allow the final water level to be read on com- 
pletion in the last test measure filled. 

2. Slightly overfill each test measure and then bring the 
level beck to the exact capacity (zero) by withdrawing 
some of the liquid. The liquid that is withdrawn is then 
relcascd into the next test measure to be filled. 

3. With graduated neck test measures it is not necessary 
to operate at the zero level. Therefore, the test measure 
may be filled to any location on its scale, the liquid level 
read, and its certified capacity is then adjusted mathemati- 
cally using a plus or minus scale reading (SR). A minus 
signifies that the water level is below the certified capacity 
(zero mark) on the test measure scale, and a plus indicates 
that the water level is above the zero mark on the scale. 


8.2 NORMAL TEST MEASURE OPERATION 


Setting up a test measure for calibration use in the field 
normally involves the following preparatory steps. Inspect all 
test measures to be used in the calibration for cleanliness, 
dents, unbroken sight glasses, scales and seals. Following the 
inspection, all the test measures shall be leveled while they 
are in a water-filled condition, across at least two axes, 90° 
apart. After this filling and leveling, the test measure shall be 
leak tested. If free of leaks, draining of the test measures 
should now take place, until cessation of the main flow allows 
the draining time (as specified on the calibration certificate) to 
he followed and a repeatable clingage condition established. 
After draining for the prescribed draining time, the bottom 
drain valve is closed or the test measure is returned to its 
upright and level position to prepare the test measure for cali- 
bration use. 

During a calibration run, the test measure is filled with 
water to an upper scale reading, which is then recorded as a 
(4) or © volume, depending on whether the reading is above 
or below the zero line on the scale. Typically, most volumes 
are read as cither cubic inches (in) or milliliters (ml) 
depending on the calibration nits of the fest measure. Once, 
the test measure is filled, the leveling verified, and the scale 
reading recorded, the temperature of the water in the test 
measure is then required. This temperature can be taken by 
different methods and in different locations. The temperature 
can be taken, while the test measure still contains the water 
following the scale reading, by immersing a thermometer 
inside the test measure or by holding a thermometer in the 
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flowing stream while the water is draining from the test mea- 
sure, after the scale reading. At the cessation of the main flow, 
it is essential that the draining time is carefully and exactly 
followed to only allow the correct amount of water to escape. 
This will restore the test measure to its ready-to-fill-again 
condition, ensuring that the water clingage remaining inside 
the test measure is maintained each time as a repeatable quan- 
tity, and replicates the drainage time sustained by the calibrat- 
ing agency. 


8.3 IRREGULAR TEST MEASURE OPERATIONS 


In field use, sometimes irregular operating conditions can 
arise while using test measures in prover calibrations. Two of 
these conditions are identified as either requiring that a test 
measure be overfilled or underfilled during the calibration 
cycle. If either one of these two conditions should arise dur- 
ing a prover calibration, the techniques described below can 
be used to solve the deficiency. 


8.3.1 Test Measure Pre-Fill 


During a calibration, it is sometimes necessary to accu- 
rately determine the volume of a partially filled test measure. 
This determination can be made by a method known as pre- 
filling. Pre-filling is accomplished by first filling a larger test 
measure with an amount of water taken from a smaller vol- 
ume test measure. This will bring the water being drawn from 
the prover into the test measure to a level that can be read on 
the gauge glass scale. 

As an example, consider a prover calibration with an 
approximate one-way volume of 145 gallons. To accomplish 
the volume determination, the only test measures available 
are of a 100-, S0-, and 5-gallon capacity. One method of cali- 
brating this prover would be to fill the 100-gallon test mea- 
sure one time and the S-gallon test measure nine times. This 
would not be recommended due to the large: anmber of test 
measure fillings required, using a 5-gallon test measure, 
which normally has a large uncertainty value in its calibra- 


100- or the 50-gation test measure, with 5 gallons of water 
from the 5-gallon test measure and then fill the remainder of 
this test measure from the prover. 

The 100-gallon test measure for Fill No. 1 has a base vol- 
ume of 23100 in3. The 50-gallon test measure for Fill No. 2 
has a base volume of 11550 in3. The pre-fill 5-gallon test 
measure has a base volume of 1155 in, 

IE only the 100-gallon and the 50-gallon test measures are 
used, at the end of the pass the water level in the last test mea- 
sure filled will not reach the neck, and therefore, will not have 
ascale reading. In this instance a pre-fill is used to pre-load the 
first measure filled with enough water to enable readings in the 
sight glasses on all the test measures filled to be achieved. 

‘Treat the pre-fill volume as a separate field standard test 
measure filling, but with both the Base Volume of the ‘lest 
Measure (BMY) and the Scale Reading (SR) handled in a neg- 
ative manner. 

Fill the 5-gallon test measure with wastewater and take the 
Scale Reading (SR). The temperature is taken by immersion, 
after reading and recording the SR. Then drain the 5-gallon 
measure into the 100-gallon measure using the prescribed 
drain time. In this example, SR on the 5-gallon test measure is 
(-10). 

Fill No. 1, of the 100-gallon test measure has a SR of (+20) 
in?. Temperauure is taken, while draining, after reading and 
recording the scale. 

Fill No. 2, of the 50-gallon test measure has a SR of (-6) 
in.3, Temperature is taken, while draining, after reading and 
recording the scale, (see below), 


where 


CTDW = The correction for the difference in density 
between the water in the prover and the water in 
the test measure, 


CCTS = The combined correction factor for the effect of 
temperature on the steel of the prover and the 


tion. A more practical solution would be to pre-fill either the test measure, 

Pre-fill BMV = 1155 «++ Trealed as a negative: BMV =~-1155 

Pre-fill SR =-10 ..- Treated as a negative: SR =+10 

To determine the adjusted Base Volume of the Test Measure (AMVa): 

Pre-fill: BMV + SR = BMVa Example: ~1155 + (+10) =~-1145 

Fill No. t: BMV + SR = BMVa Example: 23100 + (+20) = +23120 

Fill No. 2: BMV + SR = BMVa Example: 11550 +(-6) = 411544 
TOTAL VOLUME (145.10 gals) 33519 ins 


Calculating the Pre-fill volume the same way as any other test measure is calculated: 


Calculate Fill No. 1: 
Calculate Fill No. 2: 
Calculate Pre-fill: 
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23120 x CTDW x CTS = WD ...for Fill No. 1 
11544 x CTDW x CCTS = WD ._ for Fill No.2 
-1145 x CFDWX CCTS = WD, .for Pre-fill 
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WD = The Base Volume of the Test Measure adjusted 
for the scale reading, SR, and corrected for the 
effects of CTDW and CCTS. 


8.3.2 Test Measure Neck Draw 


Another unusual operating condition that can arise with 
test measure use is the required controlled overfilling of test 
measures during a prover calibration run. In this case, the 
problem is that additional water needs to be contained in the 
already-full test measure. This is a situation where a neck 
drawdown (neck-fill) procedure would be used and examples 
of this situation are described in the text below. 

As an example, consider a prover calibration with an 
approximate one-way volume of 153 gallons. To accomplish 
the volume determination, the only test measures we have 
available are of a L00- and 50-gallon capacity. The total 
capacity of the combined filling of these two test measures 
would range from a minimum volume of 148.5 gallons to a 
maximum volume of 151.5 gallons. 

The 100-gallon test measure for Fill No. 1 has a base vol- 
ume of 23100 in.3. The 50-gallon test measure for Fill No. 2 
has a base volume of 11550 in3. 

Tt has been determined beforehand that after filling bath 
measures to their maximum readable scale levels there will 
still be approximately 1.5 gallons of water remaining in the 
prover. This vohune of water will somehow need to be 
accommodated in a test measure, so as to be measured. 

Fill No. 1, of the 100-gallon test measure has a SR of (+230) 
in. Temperature is taken, by immersion, after reading and 
recording the scale. 

Fill No. 2, of a S0-gallon test measure has a SR of (+100) 
in. Temperature is taken, while draining, after reading and 
recording the scale. 

Neck Draw: Lower the water level in the neck of the 100- 
gallon test measure, to waste, by carefull manipulation of the 
drain valve, until the water level reaches the lowest readable 
value on the scale. Close the drain valve and take the scale 
reading. This value is recorded as the opening scale reading. 


SR (opening) = -220 in3 


Draw water from the prover refilling the neck of the 
100-gallon test measure until the detector switch activates 


Fill No. 1: BMV + SR = BMVa Example: 

Fill No. 2: BMV + SR= BMYa Example: 

‘Neck Draw: BMV + SR=BMva Example. 
TOTAL VOLUME 


Calculate the Neck Fill as any other measure fill is calculated. 


Calculate Fill No. 1: 
Calculate Fill No. 2: 
Calculate Neck Fill: 
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and shuts down the prover calibration run. Take the closing 
scale reading: 


SR (closing) = + 215 in3 


Treat this neck fill as if it were a separate field standard test 
measure with a BMV = zero (0). 

‘The temperature is taken by immersion, of the neck portion 
only, after reading and recording the closing SR. 

To rationalize the Scale Reading: 
(SR) = [SR (closing) -SR (opening)| 
+215 — (-220) 
+213 + (220) 
+435 ind 


Kt 


To determine BMYVa: (see below) 


Similar situations can often occur in the calibration of new 
provers, or also when provers have been modified or worked 
on, such that the volume is not exactly known. Therefore, the 
first calibration run is very often a guess as to where the actual 
final volume will finish, relative to the test measures being 
used to determine the volume. In this situation, it often hap- 
pens that the operator can find himself having to perform sev- 
eral neck draws to complete the calibration run, just because 
of the fact that this prover volume is not precisely known. Use 
of this method will allow a precise volume to be decided and 
enable the operator to refine the test measure fillings for the 
additional calibration runs required to be made. 


8.3.3 Test Measure Pre-Fill and Neck Draw 


It is also possible to have a situation where a test measure 
pre-fill and a test measure neck draw are both necessary dur- 
ing the same prover calibration run. Although this situation is 
uncommon, operators should be prepared for it, should this 
condition arise in a calibration. 

Following the previous examples, consider a prover calibra- 
tion with an approximate one-way volume of 147.5 gallons. 
To accomplish the volume determination, the only test mea- 
sures that are available are the following: 100-,50-, and 5-gal- 
Jon capacity. Therefore, to perform the prover calibration with 


23108 + (+230) = +23330 
11550 + +100) = +11650 
eer + (4435) = +435 


(153.31 gals) 35,415 in? 


23330 x CTDW x CCTS = WD .. for Fill No. 1 
11650 x CIDW x CCTS = WB ., for Fill No. 2 
435 x CTDW x CCIS = WD ... for Neck Draw 
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these test measures would require the following sequence of 
events: 

Fill the 100-gallon test measure with a S-gallon water pre- 
fill from the 5-gallon test measure, then fill the test measure 
up to the top of the readable scale with water drawn from the 
prover, Next, fill the 50-gallon test measure to the top of its 
readable scale with water draw water. At this point, the fol- 
lowing situation ocurs: 

The volume in the {00-gallon test measure is 101 gallons 
from which 5 gallons need to be subtracted. The volume in 
the 50-gallon test measure is 50.5 gallons. The total volume 
equals (101 + 50.5-5) = 146.5 gallons. 
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Therefore, with both test measures filled, and a pre-fill of 5 
gallons, a total amount of 146.5 gallons of water has been 
held. However, 147.5 gallons need to be contained and room 
in a test measure is needed for an additional one gallon of 
water. 

At this point, it is necessary to draw down the neck of the 
100-gallon test measure. Drawing the water level down to the 
lowest readable scale line will make a total volume space 
available in the 100-gallon test measure for approximately an 
additional 2 gallons and allow the prover calibration run to be 
completed, 
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Gauge scale 


Gauge glass 


Gauge scale 


Sight tube 


Figure 1—Various Types of Standard Test Measures (I) 
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Slicker Plate Test Measure 


Brim Measure 


Glass tube 
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Reinforcing bar 
Handle (raised) 
Rolled bead 
Gauge assembly 
Gauge mounting 
. Concave bottom 
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Figure 3—Field Standard Test Measure—Invertible Type 
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Drain valve 

Drain slope 5Y 

|. Levels 

. Level cover 

Gauge mounting 

. Rolled bead 

Top cone pitch 257 
Reinforcing bands 
Bottom cone pitch 207 
Adjustable legs 


Figure 4—Field Standard Test Measure—Bottom Drain Type 
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DELIVERS | 5 US GALLONS 


Figure 5—Gauge Glass and Scale Assembly 
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Figure 6—Field Standard Test Measure Control Chart 
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APPENDIX A—ACCURACY REQUIREMENTS FOR 
VOLUMETRIC TEST MEASURES 


Tn determining the accuracy requirements in the calibration 
of test measures, it is necessary to consider the hierarchy of 
petroleum custody transfer measurements so that the preci- 
sion levels of test measures are consistent with other preci- 
sion Jevels of measurement. The conventional hierarchy in 
petroleum measurement is shown in Table Al. 

If, however, the master meter calibration techniques are 
introduced then the number of hierarchy levels will be 
increased to seven (see Table A6). Similarly, should a state 
agency or calibration source other than NIST be used in the 
test measure calibration, the number of hierarchy levels will 
be increased (see Table A8). 

Potential errors or uncertainties of each position in the 
hierarchy from the lowest to highest position must be pro- 
gressively lower so that overall uncertainty of the hierarchy 
can be controlled. Uncertainties from the highest to the low- 
est levels progressively add to each successive level. Each 
step in the hierarchy should normally experience uncertain- 
ties that are 25 to 50% of the uncertainty at the next lowest 
Jevel in the hierarchy. For measurements that are somewhat 
repetitious in nature, the margin between adjacent steps in the 
hierarchy can be less because repeated measurements propa- 
gate the uncertainty on the overall average to a lower value. 


Shown below are the uncertainty requirements for volume 
measurements in the normal petroleum measurement hierar- 
chy, see Table A2. The uncertainties versus test measure size 
as shown in the table are appropriate to the petroleum indus- 
try convention for meter provers. 

No recommendations are made for uncertainty limits for 
small volume provers calibrated by master meter/prover pro- 
cedures. For small volume provers, lower uncertainty limits 
are needed for test measures used in their calibration since 
smaller prover and test measure volumes are used at the same 
metering rate involving conventional provers. Recommenda- 
tions on uncertainty limits for test mcasures used for calibrat- 
ing smal] volume provers are given below, see Table A4. 

The use of small volume provers and master meter/prover 
calibration of conventional provers dominates the uncertainty 
limit capabilities needed for test measure calibration. The 
uncertainty limits shown in the table below are the recom- 
mended levels that can be achieved by NIST, see Table A3. 

If master meter calibration of meter provers is introduced 
into the petroleum hierarchy, as in the case of proving a mas- 
ter meter with a master prover and then using the master 
meter to calibrate a field prover. The number of levels in the 
hierarchy is increased to seven as follows, (see Table A7): 


Table A1—Hierarchy of Measurements for the Metered Volumes of Petroleum 


Hierarchy Position Measurement Description 

1. Highest Calibration of NIST Standards 

2. Calibration of Test Measures 

3. Calibration of Meter Prover 

4. Proving of Custody Transfer Meter 
5. Lowest Custody Transfer Meter Registration. 


Table A2—Uncertainty Requirements for a Petroleum Measurement Hierarchy Using a Single Custody 
Transfer Meter and the Waterdraw Calibration of a Displacement Prover 


Overall Uncertainty Limits % 


Hierarchy Measurement Low Medium High 
Position Description Accuracy Accuracy Accuracy 
1, Highest Calibration of NIST Stds. 0.050 0.020 0.010 
2. Calibration of Test Measures 0.100 0.050 0.020 
3. Calibration of Meter Prover 0.200 0.100 0.050 
4. Proving of Custody 0,350 0.150 0.075 
Transfer Meter 
5. Lowest Custody Transfer 0.500 0.250 0.100 
Meter Registration 
23 


Previous page is blank 
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Table A3—Uncertainty Limits for Calisration ot Normal Sensitivity Test Measures as 
Used in the Calibration of Conventional Dispiacement Provers 


Size of Test Measurc, Gallons Uncertainty Limit% 
1 0.030 
5 0.020 
10 0.010 
25 0.010 
50 0.005 
100 0.005 
200 0.005 
500 0.005 


Table A4d—Uncertainty Limits for the Calibration of High Sensitivity Test Measures 
as Used in the Calibration of Smail Volume Provers 


Size of Test Measure, Gallons Uncertainty Limit % 
1 0.030 
5 0.020 
10 0.010 
25 0010 
50 0.010 
100 0.010 


Table A5—Uncertainty Limits for the Calibration of Test Measures Used for Displacement Provers 


Overall Uncertainty Limits % 
With Master Mcter Without Master Meter 
Size of Test Measure, Gallons Prover Calibration Prover Calibration 
t 0.025 0.050 
s 0015 0.035 
10 0.010 0.025 
25 0.010 0.020 
50 0.008 0.015 
100 9.005 0.010 
200 0.005 0.010 
500 0.005 0.010 


Table Aé—Hierarchy of Petroleum Metered Volume Measurements Including 
Calibration of Meter Provers by a Master Meter 


Hierarchy Position Measurement Description 

1. Highest Calibration of NIST Standards 

2. Calibration of Test Measures 

3. Calibration of Master Prover 

4 Calibration of Master Meter 

3. Coliliativn of Meter Prover 

6 Proving of Custody Transfer Meter 


7, Lowest Custody Transfer Meter Registration 
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Table A7—Uncertainty Requirements for a Petroleum Measurement Hierarchy Including a 
Single Custody Transfer Meter With Master Meter Prover Calibration 


Hierarchy Measurement Low Medium High 
Position Description Acenracy Accuracy Accuracy 
1. Highest Calibration of NIST Standards 0010 0.005 0.0025 
2. Calibration of Test Measures 0.025 0.010 0,005 
3. Calibration of Master Prover 0.050 0.020 0.010 
4. Calibration of Master Meter 0.100 0.050 0.020 
5. Calibration of Meter Prover 0.200 0.100 0.050 
6 Proving of Custody 0.350 0.150 0.075 
Transfer Meter 
7. Lowest Custody Transfer 9.500 0.250 0.100 
Meler Registration 


The extreme case of total expansion of the Petroleam Measurement Hierarchy is shown below: 


Table A8—Total Hierarchy of Measurements of Metered Volumes of Petroleum Showing International Standards, 
Calibration of Test Measures other than by NIST and Meter Prover Calibration by a Master Meter 


Hierarchy Position Measurement Description 
1. Highest International Base Standard Units 
2, Calibration of NIST Standards 


3 Calibration of Other Body Standards 
4, Calibration of Test Measures, 

S. Calibration of Master Prover 

6 Calibration of Master Meter 

1 Calibration of Meter Prover 

8. Proving of Custody Transfer Meter 
9. Lowest Custody ‘Transfer Meter Registration 
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International Base Standard Units 


Calibration of NIST Standards 


Calibration of Other Calibration 
Agency Standards 


Calibration of Field Standard 
Test Measures 


Calibration of Field Standard 
Test Measures 


Catibration of Field Proves by 
Waterdraw Method 


Calibration of Field Standard 
Test Measures 


Calibration of Master Prover 
by Waterdraw Method 


Calibration of Master Prover 
by Waterdraw Method 


Proving of Custody Transfer 
Meter 


Calibration of Field Prover by 
Master Meter Method 


Proving of Custody Transfer 
Meter 


Calibration of Field Prover by 
Master Meter Method 


Proving of Custody Transfer 
Meter 


Custody Transfer Meter 
Registration 


Custody Transfer Meter 
Registration 


Custody Transter Meter 
Registration 


Figure 7—Levels of the Petroleum Measurement Hierarchy 
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APPENDIX B—CALCULATION OF UNCERTAINTY 
OF A FIELD STANDARD TEST MEASURE 


While the contained volume (%,) is the actual scientific 
value determined by NIST, test values of the delivered vol- 
ume and calculated values of volume (7), required by indus- 
try, are also provided by NIST. Accordingly, the equation for 
the contained volume (below) must be subject to uncertainty 


analysis. 


ma 
V contain i yt em 


* p= Pa 


The shave equation contains the expression p (7) which 


is derived from the equation: 


atbT,+cT, dT, FeTy + fly 


2S 
oF y) iveT, 


The equation is very unwieldy for the purposes of uncer- 
tainty analysis. To make the analysis simpler, the first-order 


approximation is used: 


P(Tw)= Poll -Bw(Tw—7,)] kg/m? 


where 


P, = The density of the distilled water at the refer- 


ence temperature, 7}, 


B, = The volumetric thermal expansion coefficient 


for water appropriate for 7), 
Tp 


While the accuracy of this equation is mferior to that of the 
full Kell density equation, it is extremely satisfactory for the 


purposes of uncertainty analysis. 


iM; — Mi, 
Veesion( Tu) = 
wend = Fp Fad 

substituting: 
P(TW= PL1-B.7.—-7.)1 kgm? 


m,—m, 
Poll —B,(Py— To} 1 > PCT ew) 


Veomainl Tw) 


Air density is a function of air temperature, atmospheric pres- 
sure and relative humidity. At a given altitude, fluctuations 
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The reference temperature, either 60°F or 15°C. 


+hm 


about the mean air density are known to rarely exceed 3%. 
Analysis indicates that modest accuracy in the required mea- 
surements produces a satisfactory uncertainty in the air den- 
sity. For example, temperature measured within an accuracy 
of +0.4°C, atmospheric pressure within +1.1 mm Hg, and rel- 
ative humidity within +16 %, will result in a contribution to 
the uncertainty of the above equation on the order of one part 
per million (1 ppm). 


It is convenient to make a change in notation at this point, 
et V = Veonuaind Tp) 


The relative uncertainty in V may be expressed as: 


t= eal 


where 


The measured variables in V, 


2 
Wl 


k = The coverage factor, normally taken to be 2. 
consistent with NIST policy. 


Tables 1-3 list typical calculated uncertainties for con- 
tained volumes at (T,,) for 100-, 50-, and 5-gallon field stan- 
dard test measures, respectively. Values are listed in SI units. 

“Guidelines for Evaluating and Expressing the Uncertainty 
of NIST Measurement Results?” NIST Technical Note 1297, 
suggests classifying the uncertainties for x; as: 

Type A: Uncertainties which are evaluated by statistical 
methods. 

Type B: Uncertainties which ate evaluated hy other means. 

Once a value for the uncertainty of an x; is determined, it 
receives the identical mathematical treatment in the equation 
whether it is either Type A or Type B. The sources of the 
uncertainties for the x;’s and their type are: 

dh is one-tenth of the least division of the neck scale read 
with a magnifier fitted with an anti-parallax device, Type B. 

dmpand dm, are calculated from: 


1 


2 
ates glist. (m= Me | 


PLC Mscranga) 


where 


Sm = The standard deviation of the residuals of the 
comparator calibration equation, 
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b = The slope of the calibration equation, where. 
Pp = The number of calibration measurements, 8, = The volumetric coefficient of thermal expan- 
m = The mass of the test measure, sion for the test measure, 
midrange The midpoint of the calibrated range of the Ty, = The reference temperature of the test measure, 
comparator, typically 60°F or 15°C. 
m, = The mass value for which the calibrations were 


done. 


One would expect the uncertainties of the masses to be 
included in dm, but they are neglig:ble compared to the stan- 
dard deviation of the residuals, Type A. 

dp, and dB, are derived from the Kell Density Formula, 
Type B. 

dT, is based on the Standard Deviation from NIST Cali- 
bration Data, Type B. 

dPar is derived from.A Primer for Mass Metrology, Jaeger 
& Davis, NBS Publication 700-1. 

Volume calibrations are normally done in a climate-con- 
trolled laboratory environment at a temperature around 23°C. 
The normal requirement from the petroleum industry is to 
convert volumes measured at normal room or ambient tem- 
peratures to a reference temperature, usually 60°F or 15°C, 
via the formula: 


V(Ty) = V(LyML- BAT Ty)] 


Since the volumetric coefficient of thermal expansion is net 
directly measured, common practice has been to use the ther- 
mal expansion coefficient for Series 304 stainless steel. The 
value used is 0.000048/°C. Using this value for contained vol- 
umes, the uncertainty due to the calculation using the above 
volume equation is (T,,-7,,)dB, where df, is 7 x 107°C, 
which is to be added in quadrature to the appropriate uncer- 
tainty from the tables. 

The uncertainty in applying the above volume cquation to 
the delivered volumes is compounded by the fact that when 
the temperature decreases from 23° to 15.56°C, the viscosity 
of water increases hy 21% and the surface tension increases 
by 16%, These increases will have an effect on the way the 
water drains from the test measure. If less water drains from a 
given measure at 15.56°C in the 30 seconds than from the 
same measure at 23°C in 30 seconds, then there is an uncor- 
rected residual effect that will make it difficult to calculate the 
delivered volume at the lower temperature with any level of 
confidence. 


Table B1—Uncertainty for the Gravimetric Determination of the Contained Volume 
at Room Temperature of NIST's 100-Gallon (0.379m°) Neck Scale Test Measure 


lav 


10¥ 


xy Value Var; Value ay va,o% x10" 
h - Tay 2.6/m3 33x 10%) 86 
my 492 kg Lng) 27x LO3ikg 2.2.x 103 ke 60 
Me L5kg -1/(mp-m,) ~2.7x 109kg 22x 104 kg -6.0 
Po 1000 kg/m? -I/p, —L x LO3m3kg 4x 105 kgim? 40 
B. 2x 1047 °C Eu Trefw 215°C 33x 107/°C 7A 
Tw 215°C B. 15x 104°C 2x 102 30 
Pair 1.18 kg/m? Up, 1x 103m kg 1x 107 kg/m? 10 
3 
v= s(n) = 0.0030 % 
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SECTION 7—FIELD STANDARD TEST MEASURES 


Table B2—Uncertainty for the Gravimetric Determination of the Contained Volume 
at Room Temperature of NIST’s 50-Gallon (0.189m*) Neck Scale Test Measure 


lov 


lov 


% Value Vox; Value a Vox, dx, x 10° 

h = iy 53/m3 1.6.x 10°6m3 85 

mp 254 kg (riage) 53x 10%kg 22x 10%kg Wa 

Me 66 kg —UGng-ag) 53x 10/kg 22x 104 ke -1L7 

Ps 1000 kg/m? -V/Pp -Lx 103 mvkg 4x 103 kgm} 40 

B.. 2x 1o4ec Ey-Trepye 235°C 3.3.x 107°C 78 

Ti 235°C B, 15x 104 PC 2x 102°C 30 
Par 1.18 kgm lip. 1x 103 mpkg 1x 10° kg/m? 10 

: 
“ 22 (zen) “= 0.0042% 
Table B3—Uncertainty for the Gravimetric Determination of the Contained Volume 
at Room Temperature of NIST’s 5-Gallon (0.0189 m3) Neck Scale Test Measure 

4 Value ie Value dx; nes x10" 

h - Vg 534m? 1,6 x 10%m3 84.8 

my 23.6 kg Lmny—me) 53x 10%/kg 23x 104 kg 12.2 

Me 48ke —Wny—me) 54x 107g 23x 104 kg -12.2 

Pp, 1000 kg/m? —V/p, -1x 103 mikg 4x 103 kg/m3 40 

B, 2x 4er TT refse 18°C 33x 107PC 60 

Ti, 18°C B. 15x 104°C 2x 102°C 3.0 
Pair 1.18 kg/m UP, 1x 103 moykg 1x 10 kg/m? 10 
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Table B4—Uncertainty for the Gravimetric Determination of the Contained Volume 
at Room Temperature of NIST’s 5-Gallon (0.0189 m®) Slicker-Plate Test Measure 


= Value = Valuc a ‘fees x10° 
hk - Uy 53/m> 0 0 
my 28.1 kg 1kmp-m,) 53x 10%kg 23x 104 kg 122 
Me 93 kg UGmg-m,) 5.3 x 10-%kg 23x 104kg 122 
Py 1000 kgf? -I/p, —1x 103 kg/m? 4x 103kgim3 +40 
Bu 2xlotrc TyTrefow 217°C 33x 107FC 72 
Te 217°C B,, 15x 104°C 2x 102°C 3.0 
Pair 1.18 kg/m3 Pe 1x 103 kgim3 1x 103 kgfm3 10 
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APPENDIX C—TEST MEASURE CONTROL CHARTS 


Every test measure shall have a data record prepared and maintained by the national calibrating agency, containing all the rele- 
vant information pertaining to the history of the test mousure. 
The relevant information should contain: 


a. The identity of the test measure by owner and the owner’s number. 

b. The maker’s name, identification number, nominal volume, scale divisions, coefficient of expansion of material of construc- 
tion, dates and details of all types of cleaning performed. 

c. Calibration dates, corresponding seal numbers, together with “to contain” and “to deliver” volumes. 

d. Uncertainty history. 

The calibration history of all test measures shall be documented and recorded and a contral chart developed for each test 
MEGSHTE. 

An example of a Test Measure Control Chart is shown in Figure 6, which plots the calibrated volume against time for each cal- 
ibration performed, and shows the total documented calibration history of this particular tesl measure. Analysis of the control 
chart shown in Figure 6 yields the following data shown in Table C1. 

Calibrations that are more frequent should have been performed on the test measure in the early years, because sufficient data 
was unavailable until 1972 or 1973 to construct a control chart with calculated limits. Initially, the calibration facility’s uncertainty 
estimates could have been used until sufficient data was available to calculate control levels. For measurements as critical as test 
measure calibrated volumes, conservative confidence limits levels should be used to set warning, action, and tolerance limits. The 
following statistical confidence levels are recommended: 


Control Level Confidence Level % 
Warning Limits 90 
Action Limits 95 
Tolerance Limits 99 


From the control chart in Figure 6, and the statistical analysis table C1, the following control limits are calculated after 
four calibrations by the year 1973: 

Center Line = 4.99788 

‘Waming Limits =4,99761 and 4.99815 

Action Limits = 4.99751 and 4.99825 

Tolerance Limits = 4.99720 and 4.99856 

From the control chart in Figure 6, three of the past calibrations are outside of the warning limits but no results fall outside of 
the action limits. 

This history of each test measure is recorded and kept on file by NIST for every test measure calibrated. It is also advisable for 
the owners of field standard test measures to keep their own current records on file, including detailed information on all mainte- 
nance and modifications performed. 


Table C1—Statistical Analysis Table of the Calibration History of Test Measure #123456 
(5-Gallon Slicker-Plate Test Measure) 


Year ‘Volume in Gallons Moving Average Moving Range 
1960 4.99790 - ~ 
1965 4.99802 4.99796 0.00012 
1992 4.99780 4.99791 6.00022 
1973 4.99778 499788 0.00024 
1982 4.99780 499786 0.00024 
1982, 4.99806 4.99789 0.00028 
1982, 4.99817 499793 0.00039 
1982, 4.99809 499795 0.00039 
1992 4.99820 4.99798 0.00042 
1994 4.99800 4.99798 0.00042 
1996 4.99775 4.99796 0.00045 
1996 4.99817 4.99798 0.00045 
1996 4.99772 4.59796 6.00048 


31 
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APPENDIX D—-LABORATORY WEIGHTS AND MASS STANDARDS 


Various classes of weights and mass standards are used for 
Laboratory Procedures and in Gravimetric Calibrations, and 
their specifications in OIML R 111 describe weights in classes 
as El, E2, Fl, F2, M1, M2, and M3. 

For complete information, see OIML R 111. 

This appendix briefly describes the principal physical char- 
acteristics and metrological requirements for classes of 
weights, that are used: 


a. For the verification of weighing instruments. 
b. For the verification of weights of a lower class of accuracy. 
¢. With weighing instruments. 

For verification af weighing instriments, it is recom- 
mended that the tolerance of the weight be < !/4 of the preci- 
sion needed from the instrument. 


D1 Terminology 


a. Weight: A material measure of mass, regulated in regard to 
its physical and metrological characteristics: shape, material, 
surface quality, nominal value, and maximum permissible 
error. 

b. Accuracy class of weights: A class of weights which meets 
certain metrological requirements intended to keep errors 
within specified limits. 

c. Traceability: The “property of the result of a measurement 
of the value of a standard whereby it can be related to stated 
references, usually national or international standards, 
through an unbroken chain of comparisons all having stated. 
uncertainties”, 


D.2 Physical Characteristics 
D.2.1.| CONSTRUCTION 
Weights are divided into two types based on design: 


a. Type I. These weights are one piece construction and con- 
tain no added adjusting material. They should be specified 
when weights are to be used as standards of the highest order 
and where maximum stability is required. A precise measure- 
ment of density can be made only for one-piece weights. 

b. Type H: Weights of this type can be of any appropriate 
design, such as screw knob, ring, or sealed plug. Adjusting 
material can be used as it is of a material at least as stable as 
the base material and is contained in such a way that it will 
not become separated from the weights. 

Class El and E2 weights shall be Type I which is solid and 
shall have no cavity open to the atmosphere, They shall have an 
integral construction, i.e., consist of a single piece of material. 

Class Fl and F2 weights from 1g to 50 kg may be Type I 
or Type II, ic., one or more pieces from the same material. 
They may contain an adjusting cavity; however, the yolume 
of this cavity shall not exceed one-fifth of the total volume of 
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the weight, and the cavity shall be closed by means of a lift- 
ing knob or other suitable devico. 

Class M1 weights from 100 g to 50 kg shall have an adjust- 
ing cavity. For weights from 10 g to 50 g, the cavity is 
optional, and weights from 1 g to 10 g shall be manufactured 
without an adjusting cavity. 

Class M2 and M3 weighis from 100 g to 50 kg shall have 
an adjusting cavity. For weights of 20 g and 50 g, the adjust- 
ing cavity is optional and weights of 10 g and less shall be 
solid without any adjusting caviry. 


D.3 Design 


A weight may have any shape that does not introduce fea- 
tures that reduce the relisbility. All weights shall be free of 
ragged or sharp edges or ends. 

Weights less than 1 g shall be flat polygonal sheets or wires, 
with appropriate shapes, which permit easy handling. The 
shapes shall be indicative of the nominal value of the weights. 

Weights of 5 g to 50 kg may have different shapes suitable 
for their method of handling. Instead of a lifting knob they 
may have rigid handling devices embodied with the weights, 
such as axles, handles, etc. 


D.4 Material 


All weights shall be corrosion-resistant. The quality of the 
materials used in construction shal] be such that the change in 
mass of the weights shall be negligible, relative to the maxi- 
mum errors permitted in their accuracy class under normal 
conditions of use. 

Class El and E2 weights shall be constructed of metal or 
alloy that is practically nonmagnetic. The hardness of this 
material and its resistance to wear shall be similar or better 
than that of austentitic stainless steel. 

Class Fi and F2 weights shall be constructed of mate- 
tial that has brittleness and hardness equal to drawn brass. 
The material used for weights of this class shall be practi- 
cally nonmagnetic. 

Class M1 cylindrical weights of 10 kg and below shall be 
made of brass or other material whose quality is similar or 
better than that of brass. Weights of 1 g and less shall be made 
of a material that is sufficiently resistant to corrosion and oxi- 
dization. The surface shall not be coated and the material in 
the weights shall be practically nonmagnetic. 

Class M2 and M3 cylindrical weights of 10 kg and below 
shall be made of material which has a hardness and corrosion 
resistance equal to that of cast brass and a brittleness not 
exeeeding that of gray cast iron. Gray cast iron shall not be 
used in weights less than 100 g. Weights shal] be practically 
nonmagnetic. 


Previous page is blank 
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D.5 Density 


Because of the effects of the buoyant force of air on a 
weight, precision measurements of mass require that the vol- 
ume of the weight be known, as well aa the density of the air 
voiume in which it is being measured, so that the appropriate 
corrections can be made. For weights of high precision, the 
range of density is limited to values at or near the density of 
well-established standards, such as are used hy NEL, NIST, 
et. As lower precision of measurement is required, so the 
range of density is broadened. 


D.6 Finish 


The surface of the weights shall be smooth and the edges 
shall be rounded. The. surface of classes Fl, E2, Fl, and F2 
weights up to and including 50 kg shall not appear to be 
porous and shall present a glossy appearance when visually 


examined. The surface of classes M1, M2, and M3 cylindrical 
weights from |g to 50 kg shall be smooth and shall not appear 
to be porous when visually examined. 


D.7 Adjustment 


Type I weights including classes El and E2 shall be 
adjusted by abrasion, grinding or any appropriate method. The 
surface requirements shall be met at the end of the process. 

Type 1 weights including classes F1, F2, M1, M2, and 
M3 solid weights shall be adjusted by abrasion grinding 
or any appropriate method that does not alter the surface. 
Weights with adjusting cavities shall be adjusted with the 
same material from which they are made, with tin, or with 
tungsten. For weights that have sealing caps, the cap may 
be made of aluminum. 


Table D1i—Maximum and Minimum Limits for Density in g/cm (Prins Banas) 


Nominal Value Class El Classes E2,, F1 Class F2 Classes M1,M2, M3 
>5ke 7934-8067 781-81 708.1 >44 
2S kg50 mg 7934-8 067 TIBM TTB >22 
< 50mg >22 >22 222 >22 


Table D2—Application of Standard Mass Weights 


Application Type Class 
Primary Reference Standards T El 
Reference Standards for Calibrating E2 Weights IT El 
Reference Standards for Calibrating Fl Weights I E2 
Standards Used for Calibrating F2 Weights 0 FI 
Standards Used for Calibrating M1 Weights I F2 
Standards Used for Calibrating M2 Weights 0 MI 
Standards Used for Calibrating M3 Weights 0 M2 
Creating Balances of Accuracy Class I i} E2 
Creating Balances of Accuracy Class I u FL 
Laboratory Weights for Routine Analytical Work 
Calibrating Balances of Accuracy Class TIT, TTL and INIT 0 M1,M2,M3 
Dial Scales, Trip Balances, and Platform Scales 
Built-In Weights for High Quality Analytical Balances loD E2 
Student Laboratory Use at M2 


Copyright por American Petroleum Institute 
Thu Dec 14 21:21:24 2000 


STD-API/PETRO MPMS 4.7-ENGL 1998 MM 0732290 0616710 O8T me 


APPENDIX E—NIST CERTIFICATES OF CALIBRATION 
FOR FIELD STANDARD TEST MEASURES 
(EXAMPLES) 
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U.S. DEPARTMENT OF COMMERCE 


NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY 
Gaithersburg, Maryland 20899 


REPORT OF CALIBRATION 


OF 
AONE HUNDRED (100) GALLON VESSEL (Graduated Neck Type) 


Mfg: Exact Fabricators NIST Seal No: 2345 
Canton, OH. Material: Stainless Stee! 
Makers No: 8865 


Submitted by: 


ABC Pipeline Company 
Mytown, TX. 


(Purchase Order Number XYZ 222-345678 dated August 22, 1997) 
Assumed Volumetric Coefficient of Expansion, 0.0000265 per degree Fahrenheit. 


The intemal volume of the vessel described above has been determined by the volumetric test 
method using a NIST Standard Test Measure. This method utilizes a volumetric test measure that 
has a volume that has been compared against NIST reference mass standards. With the vessel in 
a standing position and the reference attitude established by leveling the attached leveis, and 
drained for 30 seconds after cessation of the main flow, the results for the volume of water deliv- 
ered are as follows, using the units in parentheses. 


Scale* Volume Delivered Volume Delivered 
Reading (U.S. gat at 60°F) {in.3 at 60°F) 
ia) 99.9967 23099.24 


“The scale reading Is determined by the intersection of the horizontal plane, tangent to the bottom 
of the meniscus reading in the gauge tube. A scale division, between -126 and +125 is equivalent 
to 5 in. 


The NIST Standard Volumetric Test Measure used above has an expanded uncertainty of symbol 
of +0.02% according to Reference [2]. This reference gives the definitions of terms used below 
and details on this method for producing expanded uncertainty assessments. The expanded 
uncertainty quoted above is obtained by computing the standard deviation of the mean for two 


[2] Taylor, B.N. and Kuyatt, C.E., “Guidelines for Evaluating and Expressing the Uncertainty of NIST 
Measurement Results,” NIST Technical Note 1297, National Institute of Standards and Technology 
(January 1993). 


NIST Test No.: 444/123456-97-8 
Calibration Date: August 29, 1997 Page 1 of 2 
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REPORT OF CALIBRATION 
ABC Pipeline Company, 
Volume Standards 


independent measurements; this is defined as Type A Evaluation of Standard Uncertainty, ua, as 
@ percentage of the mean value. This Type A Standard Uncertainty is +0.004%; it is composed of 
the imprecision of ail the components of the NIST measurement process; it includes gauge scale 
readings, interior wall drainage characteristics, etc. The Type B Evaluation of Standard Uncer- 
tainty, ug, for the volume transfer standard is estimated to be +0.01%; this is based on volume 
measurement experience. These Type A and B Standard uncertainties are combined using the 
root-sum-of-squares (RSS) method fo produce the Combined Standard Uncertainty, u,. This 
Combined Standard Uncertainty is multiptied by a coverage factor, , that is taken to be 2 to give 
the expanded uncertainty, U. In the equation form, this procedure is: 


U = kx w= kal(ua | ute’) 


The test results shown above are the arithmetic means of two independent observations. The 
stated volume is corrected to a reference temperature of 15.56°C (60°F). The reported volume 
has an estimated uncertainty that is computed by first taking the standard deviation of the mean of 
two measurement results, this is referred to as Type A Evaluation of the Standard uncertainty of 
the test measure. This Type A Standard Uncertainty is squared and added to the square of the 
Type B Standard Uncertainty which is taken to be that for the NIST capability, 0.015. The square 
root of this sum gives the Combined Standard Uncertainty for the test measure. By multiplying this 
Combined Standard uncertainty by a coverage factor of 2 produces the expanded uncertainty. 
The expanded uncertainty for this test measure is £0.045. 


For the Director, 
Nalional Institute of Standards and Technology 


Dr. George E. Mattingly 

Leader, Fluid Flow Group 

Process Measurements Division 

Chemical Science and Technology Laboratory 


NIST Seal No.: 2345 
NIST Test No.: 444/123456-97-8 
Calibration Date: August 28, 1997 Page 2 of 2 
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U.S. DEPARTMENT OF COMMERCE 


NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY 
Gaithersburg, Maryland 20899 


REPORT OF CALIBRATION 


OF 
AONE HUNDRED (100) GALLON VESSEL (Graduated Neck Type) 


Mfg.: Exact Fabricators NIST Seal No.: 2345 
Canton, OH. Material: Stainless Steel 
Makers No.: 8865 


Submitted by: 


ABC Pipeline Company 
Mytown, Tx. 


(Purchase Order Number XYZ 123 dated August 22, 1997) 
Assumed Volumetric Coefficient of Expansion, 0.0000265 per degree Fahrenheit. 


The internal volume of the vessel described above has been determined by the gravimetric test 
method, The gravimetric method requires weighing the empty vessel and re-weighing when filled 
with a fluid of known density. The fluid used was water. With the vessel in a standing position, the 
reference attitude was established by leveling the attached levels. The internal volume deter- 
mined in this way is termed the contained volume and the value is given below using the units 
requested in parentheses: 


Volume Contained Volume Contained 
Scale* (U.S. gal at 60°F) (in3 at 60°F) 
0 99.9800 23095.4 


Per request, the delivered volume of this vessel was determined by the following procedure. To 
establish the delivered volume, the contained volume is drained through the bottom valve. When 
the main flow of licuid ceases, a 30-second drain time is observed before closing the valve. Sub- 
sequent re-weighing completes the gravimetric procedure and enables determination of the deliv- 
ered volume. The results for the delivered volume of water are as follows, using the units 
requested in parentheses: 


NIST Test No.: 123/412345 
Calibration Date: August 29, 1997 Page 1 of2 
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REPORT OF CALIBRATION 
ABC Pipeline Company, 
Volume Standards 


Volume Delivered Volume Delivered 


Scale* (U.S. gat at 60°F) Reading (in.3 at 
60°F) 
() 99.9575 23090.2 


*The scale reading is determined by the intersection of the horizontal plane, tangent to the bottom 
of the meniscus reading in the gauge tube. A scale division, between -200 and +200 is equivalent 
to 2 in3. 


The expanded uncertainty in the measured volume is +0.003%. It was calculated according to 
Reference [2] with a coverage factor of 2 and is traceable to NIST reference mass standards. 


For the Director, 
National Institute of Standards and Technology 


Dr. George E. Mattingly 

Leader, Fluid Flow Group 

Process Measurements Division 

Chemical Science and Technology Laboratory 


[2] Taylor, B.N. and Kuyatt, C.E., “Guidelines for Evaluating and Expressing the Uncertainty of NIST 
Measurement Results’, NIST Technical Note 1297, National Institute of Standards and Technology 
(January 1993). 


NIST Seal No.: 2345 
NIST Test No.: 234/12345, 
Calibration Date: August 29, 1997 Page 2 of 2 
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APPENDIX F—WATER DENSITY EQUATIONS 


In 1981, a working group of the API Committee on Static d = -46.170461 x 10% ke/nr3 °C, 
Petroleum Measurement was set up to review standards, and 
advise on the water density equation to be used by API. They € = 10556302 x10° kg/m? °C4, 
recommended the use of the internationally accepted water fe “12 3005 
density versus temperature equation of Wagenbreth and DSP Ae GS kame Co 
Blanke. § = 16.879850 x 103 kg/m3 °C, 


The relationship is shown below: 
O(Ty)= G4 bT,—cT y+ dT, eT, + fT kgim3 


Note: Wagenbreth, H., and Blanke, H., “The Density of Water in the 
International System of Units and in the International Practical Tem- 
perature Scale of 1968,” Mitteilungen der Physikatish-Technischen 
Budnesansialt (PTB-Mitt), pp. 412-415, June 1971. 


where (in compatible units) 


Evaluation of these two equations showed that the calcu- 
lated water densities could differ by two parts in a million; 
e.g., 999.012 versus 999.014 kg/m} respectively, for the den- 
sity of water at 60°F. However, the volumetric correction fac- 
tors (density ratios) developed by either equation are 
essentially constant and unaffected by the mathematical treat- 
ments under consideration. 

The Wagenbreth and Blanke equation is used toe generate 
water densities at various temperatures. The ratio of the water 
density between the test measure (P,,,) and the prover(p;p) 


p = Trve water density in kg/m}, 
Ty = Water temperature, °C, is equivalent to the correction factor CTDW. 

a = 999,8395639 kg/m, crpw = (en 

b = 0.06798299989 kgimr3 °C, a 

c = 9,106025564 x 103 ke/m3 °C", where 

d = 10.05272999 x 105 kgim3 °C}, p = the water density, kg/m, 

e = 112.6713526 x 10°8 kg/m °C4, T = temperature, °C, {(temperature °F - 32)/1.8] 
f = 659.1795606 x 10°)! kg/mr3 °C°5, TM = the test measure temperature, 

NIST used this standard until recently: however, their TP = the prover temperature. 


water density calculations have now been converted to the 
equation developed by G.8. Kell. This relationship is shown 
below: 


a+bT, 407, +47, +07, + 47. 


a 
Iva? kgm 


p(T) = 


Note: Kell, G.S., “Density, Thermal Expansion, and Compressibility 
of Liquid Water from 0° to 150°C: Correlations and Tables for 
Atmospheric Pressure and Saturation Reviewed and Expressed in 
1968 Temperature Scale” Journal of Chemical and Engineering 
Data, Volume 20, pp. 97-105, 1975. 


where (in compatible units) 


The limits in prover temperatures are 35 to 105°F and in 
test measure temperatures 32.1 to 105°F. This is the tempera- 
ture Tange used for the Wagenbreth equation, and, therefore, 
any extrapolation outside of this temperature range is net 
recommended. The Kell equation, however, can be used for 
calculating CTDW values when the temperature is outside of 
the range recommended for the Wagenbreth equation. 

Using the Wagenbreth equation yields a maximum uncer- 
tainty in any CTDW value of +0.000007. As discussed previ- 
ously, use of the Wagenbreth equation versus the Kell 
equation essentially does not yield any differences in CTDW 
values. That is, CTDW valves from the two equations will dif- 
fer by less than 0.0000005, within the temperature range of 
the standard. On rounding to six decimal places approxi- 


P= Proc warmer density in kg/m’, mately, less than 9% of the equivalent values could differ by 

Ty = Water temperature, °C, +0.000001. For this reason, it is not recommended that the 
Kell equation be used to duplicate the Wagenbreth standard. 

a = 99983952 kg/m, Operators should be aware, however, that all test measures 

b = 16.945176 ke/nr3 °C, calibrated by NIST will have the volumes calculated using 


~7, 9870401 x 1073 kg/m °C-?, 


a 


the density of water derived from the Kell equation. 
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The American Petroleum Institute provides additional resources 
and programs to industry which are based on API Standards. 


For more information, contact: 


¢ Training and Seminars Ph: 
Fax: 

¢ Inspector Certification Programs Ph: 
Fax: 

e American Petroleum Institule Ph: 
Quality Registrar Fax: 

* Monogram Licensing Program Ph: 
Fax: 

* Engine Oil Licensing and Ph: 
Certification System Fax: 

¢ Petroleum Test Laboratory Ph: 
Accreditation Program Fax: 


202-682-8490 
202-682-8222 
202-682-8161 
202-962-4739 _ 
202-962-4791 
202-682-8070 


202-962-4791 
202-682-8070 
202-682-8233 
202-962-4739 


202-682-8064 
202-962-4739 


In addition, petroleum industry technical, patent, and business 
information is available ouline through API EnCompass™. Call 
212-366-4040 or fax 212-366-4298 to discover more. 


‘To obtain a free copy of the APT 

Publications. Programs, and Services fp 
Catalog, call 202-682-8375 or fax your 

request to 202-962-4776. Or see the 

online interactive version of the catalog 

on our World Wide Web site - 
hitp:/Avww.api.org. 
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Additional copies available from AP! Publications and Distribution: 
(202) 682-8375, 


Information about API Publications, Programs and Services is 
available on the World Wide Web at: htto./Avww.api.org 
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